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COLOR PICTURE TUBE HAVING A LOW EXPANSION TENSION MASK 
This invention relates to color picture tubes having tension masks, and particularly to 
a tube with a tension mask that is made of a low expansion material. 

A color picture tube includes an electron gun for generating and directing three 
5 electron beams to a screen of the tube. The screen is located on the inner surface of a 
faceplate of the tube and is made up of an array of elements of three different color emitting 
phosphors. A color selection electrode or shadow mask is interposed between the gun and 
the screen to permit each electron beam to strike only the phosphor elements associated with 
that beam. A tension shadow mask is a thin sheet of metal, such as steel, that is contoured or 

10 stretched under tension to somewhat parallel the inner surface of the tube faceplate. 

A problem that must be solved in tubes utilizing tension masks is that of the loss of 
tension during operation, caused by thermal inputs, such as vertical blister bars. Vertical 
blister bars are bright areas on an otherwise dark screen that are about 3 cm wide and about 
15 to 25 cm long. In the past, this problem was solved by placing the vertical mask strands 

15 of a steel mask under tensions ranging as high as 45 ksi. These high tensions produce 

enough strain in steel masks to overcome the thermal expansion caused by a blister bar, and 
to retain adequate tension under most operating conditions. However, the higher electron 
beam power available in modern television receivers has made the available tolerance in 
tension masks to thermal expansion unacceptable in some operating conditions. The high 

20 stress in a steel tension mask requires a massive mask support frame to provide the necessary 
tension forces to the mask. Such masks are high in both cost and weight. The high stresses 
in the mask and frame also require special mask and frame materials that have low thermal 
creep properties, thereby further increasing their costs. Furthermore, steel tension masks 
also require some detensioning means during high temperature processing. 

25 The present invention recognizes that a lighter frame can be used in a tension mask 

tube, if the required tension on a mask is reduced. One way to reduce the required mask 
tension is to make the mask from a material, such as Invar, having a low coefficient of 
thermal expansion. 

The present invention provides an improvement in a color picture tube having a 
30 tension mask attached to a support frame. The improvement comprises the mask being made 
from a material having a significantly lower coefficient of thermal expansion than the 
coefficient of thermal expansion of the material of the frame. The frame tensions the mask 
to have a fundamental resonant frequency of 90 Hz ± 20 Hz. 

In the drawings: 

35 FIGURE 1 is a side view, partly in axial section, of a color picture tube embodying 

the invention. 

FIGURE 2 is a plane view of the tension shadow mask of the tube of FIGURE 1 . 
FIGURE 3 is a perspective view of a corner of the tension shadow mask-frame 
assembly of the tube of FIGURE 1 . 
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FIGURE 1 shows a color picture tube 10 having a glass envelope 11 comprising a 
rectangular faceplate panel 12 and a tubular neck 14 connected by a rectangular funnel 15, 
The funnel 15 has an internal conductive coating (not shown) that extends from an anode 
button 16 to the neck 14. The panel 12 comprises a substantially flat viewing faceplate 18 
5 and a peripheral flange or sidewall 20, which is sealed to the funnel 15 by a glass frit 17. A 
three-color phosphor screen 22 is carried by the inner surface of the faceplate 18. The 
screen 22 is a line screen with the phosphor lines arranged in triads, each triad including a 
phosphor line of each of the three colors. A color selection tension mask 24 is removably 
mounted in predetermined spaced relation to the screen 22. An electron gun 26, shown 

10 schematically by dashed lines in FIGURE 1, is centrally mounted within the neck 14 to 
generate and direct three inline electron beams, a center beam and two side or outer beams, 
along convergent paths through the mask 24 to the screen 22. 

The tube 10 is designed to be used with an external magnetic deflection yoke, such as 
the yoke 30 shown in the neighborhood of the funnel-to-neck junction. When activated, the 

15 yoke 30 subjects the three beams to magnetic fields which cause the beams to scan 
horizontally and vertically in a rectangular raster over the screen 22. 

The tension shadow mask 24, shown in FIGURES 2 and 3, includes two long sides 32 
and 34, and two short sides 36 and 38. The two long sides 32 and 34 of the mask parallel a 
central major axis, X, of the mask; and the two short sides 36 and 38 parallel a central minor 

20 axis, Y, of the mask. The tension shadow mask 24 includes an active apertured portion 40 
that contains a plurality of parallel vertically extending strands 42. A multiplicity of 
elongated apertures 44, between the strands 42, parallel the minor axis Y of the mask. The 
electron beams pass through the apertures 44 in the active portion 40, during tube operation. 
Each aperture 44 extends continuously from a border portion 46 at a long side 32 of the mask 

25 to another border portion 48 at the opposite long side 34. The border portions 46 and 48 
may or may not include tie bars 49, such as those shown in FIGURE 3. 

A frame 50, for use with the tension shadow mask 24, is partially shown in FIGURE 
3. The frame 50 includes four sides: two long sides 52, substantially paralleling the major 
axis X of the tube, and two short sides 54, paralleling the minor axis Y of the tube. Each of 

30 the two long sides 52 includes a rigid section 56 and a compliant section 58 cantilevered from 
the rigid section. The rigid sections 56 are hollow tubes, and the compliant sections 58 are 
metal plates. Each of the short sides 54 has an L-shaped cross-section upper portion 60 
parallel to and separated from a flat bar-shaped lower portion 62. The two long sides 32 and 
34 of the tension mask 24 are welded to the distal ends of the compliant sections 58. 

35 The mask 24 is made from a material having a relatively low coefficient of thermal 

expansion, compared to that of the frame 50. Preferably, the mask 24 is made from a nickel- 
iron alloy, such as Invar, which has a coefficient of thermal expansion of 0.9 x W 6 . The 
frame 50 tensions the mask 24 to have a fundamental resonant frequency of 90 Hz ± 20 Hz, 
or an approximate range of 70 Hz to 1 10 Hz. Such fundamental resonant frequency can be 
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achieved when the tensile stress within a strand, divided by the strand length squared, is in 
the approximate range of 206 to 321.5 grams per cm 4 (18.9 to 29.5 pounds per inch 4 ). The 
90 Hz frequency is selected because it lies midway between the 60 Hz vertical scan 
frequency and the 120 Hz harmonic of the vertical scan frequency. This frequency is 
5 considerable less than that of the prior art tension mask tubes, which generally fall into the 
160 Hz to 300 Hz range. 

In one frame embodiment, the rigid sections 56 of the long sides 52 are hollow square 
tubes of 4130 steel having a wall thickness of 0. 175 cm. The thickness of the compliant 
sections 58 is determined by considering mask thickness, the flexibility of the total mask- 

10 frame assembly and the desired warp misregistration limits. In a further preferred 

embodiment, the compliant sections 58 are plates of 4130 steel that are 0.157 cm thick. The 
compliant sections 58 also can be bimetal plates, such as of stainless steel/stainless steel or 
stainless steel/Invar. The two upper portions 60 are preferably of CRS-1018 steel having a 
thickness of 0.318 cm. The two lower portions 62 are preferably of 300 Series stainless 

15 steel, which has a different coefficient of thermal expansion than does the CRS-1018 steel of 
the upper portions 60. When the frame 50 is heated, the lower portions 62 expand more than 
do the upper portions 60. Because of the flexible connections between the straight and 
curved members, the differential expansion between the lower portions 62 and the upper 
portions 60 relieves stress in the compliant sections 58 and tension in the mask 24, during 

20 high temperature processing. 

Although the rigid sections 56 have been shown as hollow square tubes, other 
preferred configurations, such as those having L-shaped, C-shaped or triangular-shaped 
cross-sections, are also possible for these section. Furthermore, although the upper portions 
60 have been shown as having L-shaped cross-sections, other preferred configurations may 

25 be C-shaped, triangular shaped or box-shaped. 

The lower thermal expansion of the preferred Invar compared to steel (1:9), at 
operating temperatures, results in lower initial strain, and thus lower tension requirements, 
for the same thermal inputs. These reduced tension requirements, therefore, permit the 
frame to be substantially lower in mass, cost and complexity than the prior art frames used to 

30 tension steel masks. The lower modulus of Invar versus steel (2:3) allows a further reduction 
in initial tension, because the same mechanical strain can be induced with lower tension. 
Furthermore, the thermal creep properties of Invar are superior to that of previously used 
materials, thus allowing a further reduction in initial tension on the mask. In addition, the 
low tension required in an Invar tension mask precludes the need for any detensioning means 

35 during high temperature processing. 

Also, a tension mask constructed in accordance with the present invention maintains adequate 
tension during thermal inputs, such as blister bars. 
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CLAIMS 

1 . A color picture tube (10) having a tension mask (24) attached to a support 
frame (50), comprising 

5 said tension mask being made from a material having a significantly lower coefficient 

of thermal expansion than the coefficient of thermal expansion of the material of said frame, 
and 

said tension mask being tensioned to have a fundamental resonant frequency of 90 Hz 
± 20 Hz. 

10 

2. The color picture tube (10) as defined in claim 1, wherein 
said tension mask (24) includes a plurality of parallel strands (42) 

made from said material having a significantly lower coefficient of thermal expansion than 
the coefficient of thermal expansion of the material of said frame (50), and 
15 the tensile stress within a strand, divided by the strand length squared, is in the 

approximate range of 206 to 321.5 grams per cm 4 (18.9 to 29.5 pounds per inch 4 ). 

3. The color picture tube (10) as defined in claim 1 or 2, wherein said mask (24) 
is made from a nickel-iron alloy. 

20 

4. The color picture tube (10) as defined in claim 3, wherein said 
mask (24) is made from Invar. 

5. The color picture tube (10) as defined in claim 4, wherein said frame (50) is 
25 made from steel. 



WO 00/60635 



PCT/USOO/08043 




WO 00/60635 



PCT/USOO/08043 



2/2 




INTERNATIONAL SEARCH REPORT 



In atlonal Application No 

PCT/US 00/08043 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01J29/07 



According to International Patent Class if {cation (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H01J 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4 645 968 A (RAGLAND JR FRANK R) 
24 February 1987 (1987-02-24) 
claim 1 

EP 0 121 628 A (TEKTRONIX INC) 
17 October 1984 (1984-10-17) 
page 3, line 8-26 
page 8, line 33-38 

PATENT ABSTRACTS OF JAPAN 

vol. 010, no. 319 (E-450), 

30 October 1986 (1986-10-30) 

& JP 61 131338 A (TOSHIBA CORP), 

19 June 1986 (1986-06-19) 

abstract 

-/- 



1,3,4 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



• Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

•L" document which may throw doubts on priority ciaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
of priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

■X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y' document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

■&" document member of the same patent family 



Date of the actual completion of the international search 



19 June 2000 



Date of mailing of the international search report 



28/06/2000 



Name and mailing address of the ISA 

European Patent Office, P. B. 5818 Patentiaan 2 
NL - 2280 HV Rijswijk 
Tel. (431-70) 340-2040. Tx. 31 651 epo ni. 
Fax: (+31-70) 340-3016 



Authorized officer 



Van den Bui eke, E 



Form PCT/lSA/210 (second aheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



1 





Int Uonal Application No 

PCT/US 00/08043 


C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category ° 


Citation of document, with indication .where appropriate, of the relevant passages f 




A 


WO 98 48439 A (THOMSON CONSUMER 
ELECTRONICS) 29 October 1998 (1998-10-29) 
claim 1 




1 


A 


EP 0 872 871 A (HITACHI LTD) 
21 October 1998 (1998-10-21) 
claims 1,5 




1,3-5 



Form PCT/1SA/210 (continuation of second oheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Information on patent family members 


In itlonal Application No 

PCT/US 00/08043 


Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 



US 4645968 A 24-02-1987 OP 1762895 C 28-05-1993 

JP 4053064 B 25-08-1992 
OP 60253134 A 13-12-1985 



EP 0121628 


A 


17- 


-10- 


-1984 


OP 


59167936 A 


21-09-1984 


OP 61131338 


A 


19- 


-06- 


-1986 


OP 


1954621 C 


28-07-1995 










OP 


6085298 B 


26-10-1994 


W0 9848439 


A 


29- 


-10- 


-1998 


US 


5952774 A 


14-09-1999 










AU 


6875198 A 


13-11-1998 












EP 


0976139 A 


02-02-2000 


EP 0872871 


A 


21- 


-10- 


-1998 


WO 


9711478 A 


27-03-1997 










US 


6020680 A 


01-02-2000 



Form PCT/ISA/210 (patent famHy annex) (July 1992) 



